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[0019]-[0059] ) 

[Modes for Carrying out Invention] In reference to the drawings, the 
modes for carrying out the image display device of the present invention 
will be described. The configuration of the optical system in an image 
display device 1 of the first embodiment is shown in Fig. 1. The image 
display device 1 comprises a ref lecting-type liquid crystal display 11, 
a light source section 12, a PBS mirror 14 and a prism 16. 

[0020] The light source section 12 comprises a plurality of lamps 12a 
arranged in a straight line and a light transmitting plate 12b. The light 
source section 12 supplies illumination light for illuminating the liquid 
crystal display 11. The lamps 12a emit light having random planes of 
polarization. The light transmitting plate 12b is constructed with a 
multitude of triangular microprisms coplanarly arranged, and receives, 
on its lateral face, pencils of light from the lamps 12a and converts 
them as a beam of light having a sufficiently large diameter as to 
illuminate the entire display surface of the liquid crystal display 11 
by reflecting the pencils of light at the individual microprisms. 

[0021] The PBS mirror 14 reflects light from the light transmitting plate 
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12B to introduce it to the liquid crystal display 11, while transmitting 
an image carried by light reflected from the liquid crystal display 11 
to introduce it to the prism 16. The PBS mirror 14 is designed to transmit 
a polarized component that is incident thereon as the P-polarized light 
and to transmit light that is incident thereon as the S-polarized light. 
Out of the light from the light transmitting plate 12b, only a polarized 
component that is S-polarized in reference to the PBS mirror 14 is 
reflected to be introduced to the liquid crystal display 11, while light 
that is P-polarized in reference to the PBS mirror is transmitted and 
cast away. 

[0022] The liquid crystal display 11 reflects the given illumination 
light, and modulates the illumination light using the displayed image 
so as to rotate, by 90° , the plane of polarization of a part of light 
reflected therefrom. In the image display device 1, drive of the liquid 
crystal display 11 is controlled so that the polarized component whose 
plane of polarization is rotated by 90° becomes image-carrying light. 
Therefore, the image-carrying light, which is contained in the reflected 
light from the liquid crystal display 11, becomes P-polarized in reference 
to the PBS mirror 14 and thus is transmitted through the PBS mirror 14. 
Light whose plane of polarization is unchanged, which is contained in 
the reflected light from the liquid crystal display 11, remains S- 
polarized and thus is reflected and cast away. 

[0023] The prism 16 is made of Polymethyl methacrylate (PMMA) . The prism 
16 is designed to introduce the reflected light from the liquid crystal 
display 11 given via the PBS mirror 14 into the pupil EP of the observer, 
and has surf aces 17 , 18, 19 as surf aces effecting this design . The surf ace 
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17 is a plane surface and is designed to transmit all of the light from 
the PBS mirror 14 . The surface 18 also is a plane surface, but is arranged 
so that the light transmitted through the surface 17 is incident thereon 
at angles greater than the critical angle and thus the light transmitted 
through the surface 17 is totally reflected at the surface 18. 
[0024] The surface 19 is a convex surface that is an anamorphic aspherical 
surface rotationally asymmetric with respect to the optical axis. A 
reflecting film which is totally reflective is formed on the surface 19. 
The surface 19 acts as a concave mirror with a positive power for light 
travelling from the side of the surface 18. The surface 19 is designed 
so as to reflect the light that has been totally reflected by the surface 
18, and to make it re-incident on the surface 18 at incident angles smaller 
than the critical angle. Therefore, the light incident on the surface 
19 is reflected, at reflecting angles different from the incident angles, 
and is transmitted through the surface 18 to enter the pupil EP of the 
observer as being converged. 

[0025] The observer is to view the display surface of the liquid crystal 
display 11 via the surface 19, so as to observe an enlarged virtual image 
of the displayed image. The three surfaces 17, 18, 19 of the prism 16 
introduce the reflected light from the liquid crystal display 11, which 
light has been separated from the illumination light, into the pupil EP 
of the observer, to form an observation optical system which provides 
the observer a virtual image of the displayed image. Of these surfaces, 
the surface 18 is a selective reflecting surface which transmits or 
reflects light in accordance with direction of the incident light. 
[0026] Two sets of the image display device 1 of the above-mentioned 
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configuration are able to form a HMD or a handy-type binocular apparatus. 
Also, the image display device can be incorporated, to be used as a 
viewfinder, into a photographing apparatus such as a video camera which 
converts a photographed image into electric signals. As described above, 
the image display device 1 employs a non-coaxial optical system as an 
observation optical system, to thereby be a small-sized device in the 
direction of the observer's line of sight, or a thin device. 
[0027] The configuration of the optical system in an image display device 
2 of the second embodiment is shown in Fig. 2. The image display device 
2 comprises a ref lecting-type liquid crystal display 21, a light source 
section 22, a condenser lens 23, and a prism 26. The light source section 
22 comprises a lamp 22a which emits illumination light to be supplied 
to the liquid crystal display 21, and a reflector 22b which reflects the 
light emitted from the lamp 22a. The condenser lens 23 has two convex 
surfaces 24, 25 and introduces the illumination light from the light 
source section 22 to the liquid crystal display 21 as a substantially 
parallel beam of light. 

[0028] The prism 26 is made of PMMA and has surfaces 27, 28, 29 which 
are effective in determining the travelling path of light. The surface 
27 is an anamorphic aspherical concave surface and is constructed with 
a PBS mirror that transmits P-polarized light and reflects S-polarized 
light. Out of the light from the light source section 22 having random 
planes of polarization, a polarized component that is P-polarized in 
reference to the PBS mirror 27 is transmitted and cast away and a polarized 
component that is S-polarized in reference to the PBS mirror 27 is 
reflected to be introduced to the condenser lens 23. The light from the 
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light source section 22 is a divergent beam of light, but is made less 
divergent by the PBS mirror 27 as a concave surface, and is converted 
into a substantially parallel beam of light by the condenser lens, to 
be incident on the liquid crystal display 21. 

[0029] In the image display device 2 also, the liquid crystal display 
21 is controlled so that the polarized component whose plane of 
polarization is rotated by 90° becomes image-carrying light. Reflected 
light from the liquid crystal display 21 is transmitted through the 
condenser lens 23 and is re-incident on the PBS mirror 27. Out of this 
light, the image-carrying light is P-polarized in reference to the PBS 
mirror 27 and thus is transmitted through the PBS mirror 27 toward the 
surface 28. Light whose plane of polarization remains unchanged after 
the modulation remains S-polarized and thus is reflected and cast away. 
[0030] The surface 28 also is a concave anamorphic aspherical surface. 
The surface 28 is designed so that the light reflected from the liquid 
crystal display 21 and transmitted through the PBS mirror 27 is incident 
thereon at angles greater than the critical angle, and thus the light 
transmitted through the PBS mirror 27 is totally reflected at the surface 
28. 

[0031] The surface 29 is an anamorphic aspherical convex surface. A 
reflecting film which is totally reflective is formed on the surface 29. 
The surface 29 acts as a concave mirror with a positive power for light 
travelling from the side of the surface 28. The surface 29 is designed 
to reflect the light that has been totally reflected by the surface 28 
and to make it re-incident on the surface 28 at incident angles smaller 
than the critical angle . The light incident on the surface 29 is reflected, 
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at reflecting angles different from the incident angles, and is 
transmitted through the surface 28 to enter the pupil EP of the observer 
as being converged. 

[0032] In the image display device 2, the surface (PBS mirror) 27 formed 
on the prism 26 is a half -transmissive reflecting element which separates 
the light reflected from the liquid crystal display 21 from the 
illumination light. Also, the three surfaces 27, 28, 29 of the prism 
26 introduce the reflected light from the liquid crystal display 21, which 
light has been separated from the illumination light, into the pupil EP 
of the observer, to form an observation optical system which provides 
the observer a virtual image of the displayed image. The surface 27 acts 
both as a half-transmissive reflecting element for light separation and 
as a part of the observation optical system. 

[0033] In the image display device 2, the condenser lens 23 is provided 
and the light source section 22 is disposed at the position conjugate 
with the pupil EP. Therefore, the light transmitting plate 12b, which 
is necessary for the image display device 1 of the first embodiment, is 
not necessary, and it is sufficient for the light source section 22 to 
provide a point light source 22a and the reflector 22b. 
[0034] The specific parameter setting of the optical system in the image 
display device 2 is shown in Table 1 and Table 2. 
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[0035] 
[Table 1] 



Surfaoe (Ref.) Medium Radius of Curvature 



KEP) 
2C2B) 



AIR « 
PMMA 11056.404 



3(29) PNMA 



-66. 184 



4(28) PRMA 11056.404 



5(27) AIR 



39.987 



6(25) 


PRMA 


40 


.000 


7(24) 


AIR 


-40 


. 000 


8(21) 


AIR 






9(24) 


PUNA 


-40 


.000 


10(25) 


AIR 


40 


.000 


11(27) 


AIR 


99 


.987 



12(23) AIR 



An amorphic Aspherical Surface 

KY= 0.00000 KX = 0. 

AR=-0.48685X 10~* 

12906X 10" 8 
-9 



BR- 0. 
CR=-0. 
DR= 0. 



00000 
Af = -0 
BP=-0 
CP=-0 
DP = 0 



.18820X 10 
.00000 

Anamorphic Aspherical Surface 

KY= 23.380 KX = 22. 127 
AR= 0. 17262X 1Q~± AP=-0 
BR»-0.26953X 10 



CR= 0.49031 X 10 J 
DR=-0.27125X 10" 10 

Anamorphic Aspherical Surface 

KY= 0.00000 KX=_0 



B?=0. 
CP= 0. 
DP= 0. 



RDX=-341.841 
42123 
53675 
47382 
00000 

RDX=-56. 191 
82697X 10" 1 
93029X 10 2 

I 



27G42X 10 
19650X 10 



-0.48685X 10 



-5 



AR 

BE- 0. 12S06X 10 I 
CR=-0. 18820X 10' 9 
0R= 0.00000 

Anamorphic Aspherical Surface 

KY= 0.00000 KX= 0.00000 



00000 
AP=-0. 
BP=-0. 
CP=0. 
0P= 0. 



AR= 
BR= 
CR= 
DR- 



-0. 17224X 10 
0.32767X 10 



0. 10800X 10" 8 
0.00000 



AP= 
BP^ 
CP= 
DP = 



RDX=-341.841 
42123 
53675 
47382 
00000 

RDX = 100.000 
5I982X 10*| 
25372X 10"J 
10101 X 10 +l 
00000 



Anamorphic Aspherical Surface 

KY= 0.00000 KX=.O.O000O 



RDX = 100.000 



AR=-0. 17224 X IO" 6 AP=-0.B1982X 10 +l 

BR= 0.32767XIO" 6 BP= 0.25372X 10"] 

CR= O.I0800X 10' 8 C?*-0. 10101 X 1G +I 

0R= 0.00000 DP= 0.00000 



[0036] 
[Table 2] 



Surface (Ref.) 


XSC 


YSC 


ZSC 


ASC 


BSC 


CSC 


l(EP) 


0.000 


0.000 


0.000 


0.00 


0.00 


0. 


00 


2(28) 


0.000 


3.340 


10.000 


14.49 


0.00 


0. 


00 


3(29) 


0.000 


0.717 


18.781 


-15.37 


0.00 


0. 


00 


4(28) 


0.000 


3.340 


10.000 


14.49 


0.00 


0. 


00 


5(27) 


0.000 


13. 180 


12.764 


84.78 


0.00 


0. 


00 


6(25) 


0.000 


17.691 


16.166 


44.28 


0.00 


0. 


00 


7(24) 


0.000 


19.636 


17.955 


44.28 


0.00 


0. 


00 


8(21) 


0.000 


20.636 


18.309 


51 .78 


0.00 


0. 


00 


9(24) 


0.000 


19.636 


17.955 


44.29 


0.00 


0. 


00 


10(25) 


0.000 


17.691 


16. 166 


44.29 


0.00 


0. 


00 


11(27) 


0.000 


13. 180 


12.784 


84.78 


0.00 


0. 


00 


12(23) 


0.000 


21. 147 


13.512 


118.78 


0.00 


0. 


00 



[0037] In Table 1, the parameters regarding each anamorphic aspherical 
surface determine SAG Z in the direction of Z axis defined by Expression 
1, upon the intersection of each surface with the optical axis being taken 
as the origin and the optical axis being taken as Z axis (unit: mm) . RDX 
represents the radius of curvature in X-axis direction. 
[0038] 

Z = (CUX'X 2 +CUY- Y 2 ) / [1+{1- (1 + KX) 'CUX 2 *X 2 - (1+KY) 'CUY 2 ' Y 2 } 1/2 ] 
+AR* { (1-AP) -X 2 + (1+AP) • Y 2 } 2 
+BP- { (1-BP) -X 2 + (1 + SP) • Y 2 } 3 
+ CP- { (1-CP) -X 2 + (1 + CP) • y 2 } 4 

+ DP- { (1-DP) -X 2 + (1 + £>P) • Y 2 } 5 Expression 1 

where CUX, CUY are the reciprocals of the radii of curvature in X-axis 
direction and y-axis direction, respectively. 

[0039] Table 2 shows the relative positional relationship between the 
surfaces, where the center of the pupil EP is taken as the origin and 
the axis perpendicular to the pupil surface (the first surface) is taken 
as Z axis. XSC, YSC, ZSC represent X, Y, Z components (unit: mm) of the 
intersection of each surface with its optical axis, and ASC, BSC, CSC 
represent rotation angles (unit: degree) of each surface from the pupil 
surface with respect to X axis, Y axis and Z axis. 

[0040] The configuration of the optical system in an image display device 
3 of the third embodiment is shown in Fig. 3. The image display device 
3 comprises a ref lecting-type liquid crystal display 21, a light source 
section 32, a condenser lens 33, a prism 36 and a prism 41. The light 
source section 32 comprises a lamp 32a which emits illumination light 
to be supplied to the liquid crystal display 31, a reflector 32b which 
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reflects the light emitted from the lamp 32a, and a stop 32c which 
regulates the diameter of the beam of light, and is disposed adjacent 
to the prism 36. The condenser lens 33 has two convex surfaces 34, 35 
and introduces the illumination light from the light source section 32 
to the liquid crystal display 31 as a substantially parallel beam of light . 
[0041] The prism 36 is constructed of two prisms 36a, 36b made of PMMA 
bonded together. The bonded surface 37 of the prisms 36a, 36b is a curved 
surface and is formed as a PBS mirror which transmits P-polarized light 
and reflects S-polarized light. Besides the surface 37, the prism 36 
has three surfaces 38, 39, 40. The surface 38 is a plane surface. The 
surface 40 is a convex surface. The surface 39 is an anamorphic aspherical 
convex surface on which a totally reflective reflecting film is formed. 
As a result, the surface 39 acts as a concave mirror with a positive power 
for light travelling from the side of the surface 38. 

[0042] The prism 41 also is made of PMMA. The prism 41 has a plane surface 
42 and a convex surface 43, and is arranged so that the surface 42 faces 
a part of the surface 38 of the prism 36b. The surface 38 and the surface 
42 are parallel to each other. Between the surface 38 and the surface 
42, a minute space less than several tens of micrometers is formed. The 
surface 38 and the surface 42 form a TIR (total internal reflection) 
surface . 

[0043] Illumination light from the light source section 32 is incident 
on the PBS mirror 37, where a polarized component which is P-polarized 
in reference to the PBS mirror 37 is transmitted and cast away, and a 
polarized component which is S-polarized in reference to the PBS mirror 
37 is reflected to be introduced to the condenser lens 33 via the surface 
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40. The light from the light source section 32 is a divergent beam of 
light, but is made less divergent by the PBS mirror 37 as a concave surface 
and the surface3 40 as a convex surface, and is converted into a. 
substantially parallel beam of light by the condenser lens 33, to be 
incident on the liquid crystal display 31. 

[0044] In the image display device 3 also, the liquid crystal display 
31 is controlled so that the polarized component whose plane of 
polarization is rotated by 90° becomes image-carrying light. Reflected 
light from the liquid crystal display 31 is transmitted through the 
condenser lens 33 and the surface 40 and is re-incident on the PBS mirror 

37. Out of this light, the image-carrying light is P-polarized in 
reference to the PBS mirror 37 and thus is transmitted through the PBS 
mirror 37 toward the surface 38. Light whose plane of polarization 
remains unchanged after the modulation remains S-polarized and thus is 
reflected and cast away. 

[0045] The surface 38 is designed so that the light reflected from the 
liquid crystal display 31 and transmitted through the PBS mirror 37 is 
incident thereon at angles greater than the critical angle, and thus the 
light transmitted through the PBS mirror 37 is totally reflected at the 
surface 38. As described before, the prism 41 faces a part of the surface 

38. However, since there is air between the surface 38 and the surface 
42, the light from the PBS mirror 37 is totally reflected at any portion 
of the surface 38. 

[0046] The surface 39 is designed to reflect the light that has been 
totally reflected by the surface 38 and to make it re-incident on the 
surface 38 at incident angles smaller than the critical angle. The light 
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incident on the surface 39 is reflected, at reflecting angles different 
from the incident angles, and is transmitted through the surface 28 and 
further through the surface 42 as being converged. This light is 
transmitted through the surface 43 which acts as a convex lens, to enter 
the pupil EP of the observer as being further converged. 
[0047] In the image display device 3, the surface (PBS mirror) 37 formed 
on the prism 36 is a half-transmissive reflecting element which separates 
the light reflected from the liquid crystal display 21 from the 
illumination light. Also, the two surfaces 37, 38 of the prism 36 and 
the surface 43 of the prism 41 introduce the reflected light from the 
liquid crystal display 31, which light has been separated from the 
illumination light, into the pupil EP of the observer, to form an 
observation optical system which provides the observer a virtual image 
of the displayed image. Also, the light source section 32 is disposed 
at the position conjugate with the pupil EP. 

[0048] The specific parameter setting of the optical system in the image 
display device 3 is shown in Table 3 and Table 4 . 
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[0049] 
[Table 3] 



Surface (Ref.) 


Medium 


Radius of Curvaturre 


l(EP) 


AIR 


oo 




2(43) 


PMMA 


17.532 


Rotationally Symmetric Aspherical Surface 

* = 0.00000 

A= 0. 74918X 10" 4 B = -0. 10495X 10 ~ 








C= 0.36265XIO" 7 D=-0. 56350 X 10" 9 

r _ r\ nnefii V" 1 ft - 1 1 IT— ft flDOnfl 














G= 0.00000 H= 0.00000 


3(39) 


PNNA 


-141.623 


Anamorphic Aspherical Surface 

IV=-0. 99510 IX= 50.749 BDX=-126.067 








AR= 0.23736X 10" 4 AP=-0. 15419 
BR=-0. I6049X 10"f BP=-0.88362X 10"} 
CR= 0.64822X10" 8 CP = 0.81547X 10 
DR=-0.55879X 10" 10 DP= 0.98922X 10 1 




















4(38) 


PNNA 


oo 




5(40) 


AIR 


-40,000 




6(35) 


PNNA 


30.000 




7(34) 


AIR 


-30.000 




8(31) 


AIR 


oo 




8(34) 


PNNA 


-30.000 




10(35) 


AIR 


30.000 




11(40) 


PNIA 


-40.000 




12(37) 


PNNA 


70.000 




13(33) 


AIR 


oo 





[0050] 
[Table 4] 



Surface (Ref.) 


X5C 




YSC 


ZSC 


ASC 


BSC 


CSC 


KEP) 


0. 


000 


0 


.000 


0. 


000 


0. 


00 


0. 


00 


0. 


00 


2(43) 


0. 


000 


0 


.000 


10. 


000 


0. 


00 


0. 


00 


0. 


00 


3(39) 


O. 


000 


-0 


.039 


19. 


000 


-13. 


17 


0. 


00 


0. 


00 


4(38) 


0. 


000 


I 


.237 


13, 


547 


25. 


00 


0. 


00 


0. 


00 


5(40) 


0. 


000 


17 




16. 


171 


74. 


41 


0. 


00 


0. 


00 


6(35) 


0. 


000 


17 


.894 


16. 


293 


74. 


41 


0. 


00 


0. 


00 


7(34) 


0. 


000 


20 


.402 


16. 


965 


74. 


41 


0. 


00 


0. 


00 


8(31) 


0. 


000 


20 


.722 


16. 


931 


71. 


36 


0. 


00 


0. 


00 


9(34) 


O. 


000 


20 


.402 


16. 


965 


74. 


41 


0. 


00 


0. 


00 


10(35) 


0. 


000 


17 


.994 


16. 


293 


74. 


41 


0. 


00 


0. 


00 


11(40) 


0. 


000 


17 


.558 


16. 


171 


74. 


41 


0. 


00 


0. 


00 


12(37) 


0. 


000 


12 


.260 


14. 


693 


34. 


41 


0. 


00 


0. 


00 


13(33) 


0. 


000 


17 


.346 


22- 


118 


-0. 


59 


0. 


00 


0. 


00 
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[0051] The parameters regarding each anamorphic aspherical surface 
shown in Table 3 are those to determine Expression 1 shown above. Also, 
the parameters shown in Table 4 represent those stated above. In Table 
3, the parameters regarding each rotationally symmetric aspherical 
surface determine SAG Z in the direction of Z axis defined by Expression 
2, upon the intersection of each surface with the optical axis being taken 
as the origin and the optical axis being taken as Z axis (unit: mm). 
[0052] 

Z = C*h 2 / [1+{1- (1 + -F0 • C 2 -^ 2 } 1 / 2 ] +A'h 4 + B- h 6 +C-h Q + D'h 10 Expression 2 

where h = (X 2 +Y 2 ) 1/2 and c is the reciprocal of the radius of curvature. 
[0053] In the image display device 3, since the surface 42 is provided 
to form the TIR surface together with the surface 38, all of the light 
transmitted through the surface 38 is allowed to go straight. Therefore, 
the tilt of the concave mirror 39, which is required to be tilted with 
respect to the surface 38 so as to cause the light that is totally reflected 
by the surface 38 to be re-incident on the surface 38 at angles smaller 
than the critical angle, can be set small. As a result, generation of 
decentered aberrations can be repressed because of the small decentering 
amount of the concave mirror 39. 

[0054] Furthermore, since the convex lens surface 43 is provided in 
addition to the concave mirror 39, the power to converge the reflected 
light from the liquid crystal display 31 is distributed between them. 
As a result, generation of decentered aberrations can be further repressed 
because the curvature of the concave mirror surface 39 is allowed to be 
small . 

[0055] Also, since the surface 43 having the positive power is located 
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close to the pupil EP, the eyepoint can be easily secured. 
[0056] The configuration of the optical system in an image display device 
4 of the fourth embodiment is shown in Fig. 4. The image display device 
4 comprises a ref lecting-type liquid crystal display 51, a light source 
section 52, a condenser lens 53, a PBS mirror 54 and a pancake-type optical 
element 56. The PBS mirror 54 is designed to transmit P-polarized light 
and to reflect S-polarized light. The liquid crystal display 51 is 
controlled so that light whose plane of polarization is rotated by 90° 
becomes the image-carrying light. 

[0057] Out of illumination light from the light source section 52, a 
component that is S-polarized in reference to the PBS mirror 54 is 
reflected to be introduced to the condenser lens 53. The condenser lens 
53 makes this light to be incident on the liquid crystal display 51 as 
a substantially parallel beam of light. The light modulated and 
reflected by the liquid crystal display 51 is transmitted through the 
condenser lens 53, to be incident on the PBS mirror 54 . Out of this light, 
only the polarized component that carries the image is transmitted through 
the PBS mirror 54, to be incident on the optical element 56. 
[0058] The PBS mirror 54-side surface 57 of the optical element 56 is 
a convex surface constructed as a half mirror. The other surface 58 of 
the optical element 56 is a concave surface and is provided with a 
cholesteric liquid crystal layer, to be a selective reflecting surface. 
A half of the light incident on the optical element 56 is transmitted 
through the surface 57 and is incident on the surface 58 as being weakly 
converged. This light is reflected at the surface 58 to be re-incident 
on the surface 57, where the half of it is reflected. The light reflected 
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by the surface 57 is transmitted through the surface 58 to enter the pupil 
EP of the observer as being converged further. 

[0059] In the image display device 4, the observation optical system 
is formed of the two surfaces 57, 58. Of these surfaces, the surface 
57 is a concave surface mirror having a positive power. While having 
such a simple structure, the image display device 4 can provide a bright, 
fine, sharp and wide-field image to the observer. 
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**iL s ass t , surai t cflg jj» e. Hw*t4jt* 



mi»-r*TFT^t«5ElB8I5S"Uli**SffiO** 

#HI*OBIlP*/hS < + *BH i: L, Ktf£ 

flfl[**^S-C li , HIS&SB55- * USUI t SJtfflWffi U 

[0 0 0 6] iijliMiKB^^tjEWS^S^gfOM 
P^OH^Ii, H3&«vh3 <-f SJiflgigtCfcSo Ltz 

So — ^, ft^f?<7)^§ 3£|S| CU-f S*-g-KI±, Rlt 

[0007] ifc, Ewaifl[fiaE^stMifii*SE»*iT 

[0 0 0 8] iOi^ft^SitoRttSiKflSE^S* 
ffl v\*Ltf , KM i:tttffl?n^, ftttf^SB U** <b it 

20 S^S<i«ffiiiffl&®f&©ilB$;tc*:§ hz.t\ztj: 
S n L*>t, a^ffo^ci < %z>z fcjci (5 ti 

jWflfeuaoT, 8B*/hffl 

[0 0 0 9] ©ft fctt**#*>BRC#<«* 

25 S*5*ifc^wR*ffiTS**£i:*<tt 

30 [0 0 10] RWffili, ffiWft^ifefiUffi^-rSfflWM 
v>o ft^ilX^^-ti-SIEO/'fV-^^Lft^'b, ^ 

m^s-L. «ja■c^>«ffiiifflo«^:^^^4v»iFiB14^w 

35 Sa^^ft*lS«-rSii:7> J T-^So L*»4>, Altftt 
40 So 

[0011] coj:^ ft#s^w-rss:s=fM^ti^ft^ 
ihKtoz.izw&WLmm&mM (hmd). 75*, #^¥9. 

-90270 8-3 1 3 8 2 9f, 7-17500 
9-f-tC|3^$ttTV>So 
45 [0 0 12] 

B B BS^§?Ulita^ffliJ^'bHa^3t^-§-i.S'jZ-S74 J * f), M 
50 (t+id&S^t*. ±E#&fOHMDT 
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i±. wMftt&m&nfttzim-tzzttfX'Z-r, m 

ofc„ -<7)/ji6, **14fiE*>#4»aS!iKfliEii*»*» 
[0 0 13] Rjt3B!iK**^»*fflv»fcHMD<> 

Jt3BSiiTv>So -e<£>fitj££i2 5tc;jrr 0 :otmdt- 

li> ES«2{£ B B a JUF?§9 1 kifitJHiflr^jfcWftS 2 
<DIWK, 'ffi#ffi**Se«r 2 oogmo-^S-JSjBS 
*«!#*E*M-4ffl*fl* (PBS) S?-9 3*E» 
U PBS57-9 3 (CioTRM^tt/tiESS^Sf 9 

9 4 *E«LTV»4. j£&$^S9 li»?>OKW*liP 

BS57-93KJ:o "Ct^SC 9 2 «DfiB.9i3fc 1 53- SI 
£*t, «BIU>X9 4 UJ:orSIS#WiiE P Uig^ft 

<£> o 

[0 0 14] CWHMDtii, RWa$a$^S9 1 U 
Lid ti-4t«S#K46«-*-4!fc*oK*«*jfc 

u>x 9 4 i±fflafi$nffitt^s:wM?s B B a g 

•?-fU=fc|R#M , *'K 
[0 0 15] *?&Wl±. ±.&fflm&iZjg.l*Xtt2tltzii 

<ox\ iimmmizmLfz'hm. eaauMt-e* a 

[0 0 16] 

K, *»WCIt, ««#«>IRfir(;:EiI$iVC, S*3?Lfc 

* Knm<om^m7r^ t , ?£ B B B 3£^ti k-s- *. <& jh 

*SIC*< t t fc, ?S B B B *^tlOS:»!f3t;^^.g|5^l6] 

m®&nKttm?i,z£^xm*Kfcmikm*&<vmm 

[0 0 17] dORft&iUgBli* lfri£0#< 

* EW-aifcn 3Eg?s »w «t o r ft At *• s^-r * & o x- 

K 1**5* W>< 7 - «: f * RWiB i *t T is 
JtfFK J: oT#*S flKH%4 f li£$OlRi::i|| 



* f nrigt?**o ifc, JH9!#i: RW# 4 *»a 

14 w S (4 i£ B B B » t / < 7 - * 4 Rlffi <r> m 
05 KE«Sit-cv»*fc«>, tt*3t^*«±ja* f «S#ollR 
<t&tibzti>*Wiit$tix* 7<<#<( > bnm 
i%tfi§-%X'$)Z> 0 
[0 0 18] «R***»C^-S*L*RtiHBI*jEO/<7- 

< LTU#tffiMl&l4£i;fcv> 0 Lfcrt* 

[0 0 19] 

15 M^lliSfcOffiJgl] »T, *«"J8«>BWItSE;F««o£ 
tfe^lcov»THM«:#fiSLi7S t P>giW-rSo HI 
§1 1 O^ttSiORttfi^l 1 0***0«/ft*5? 

3fciSSB 12, PBS^7-14, Xf-f') X U 1 6 * 
20 fiitV'So 

[0 0 2 0] jftfliffil 2 14. itt«l«K:E5!IS*i.fc««cfl5 
7 >r 1 2 a t*^l 2 b J: 0 0 , jS B H B S^S 1 1 
*fi?.W-*-*fc*OBlW*t«»i-*o y>7*12al4fi 

%miimwmti:^^th 0 m±m.i 2 bi4, »«a 
1 2 zfrh<7)&LW.<nytzmnfrb$:iix* #yjXAt 

Ett-T* - t K i 0 , rKel^gff 1 1 oSE^E&fltS-RB 

[002 1] PBS57-1 4I±, &%ML 1 2bfrh<T> 
30 3t*S*fLT«[ B B a S*Sl 1 CS< t t ffialS^ 

ryuXx. l 6 o PBS59-14I4, PliTfei: 

vK»3eSftrv>*„ if7t«12b*> 
35 h<D%(F>o P B S 5 5- 1 4 K# LTSffitt ^4 
1l3fefiS:73-<7)^^E»tSti.T}K B B H ^Sl 1 P 
1*4 HWLTPilTfct ^^76l4itaLT^T 

[0 0 2 2] ftA&FSl lli4ife^lflifctR« 

T, EStTtO-fflSOfi^M* 9 0* Ulte^^^o m$M 

i d cika^s 1 1 vmrnzmm-r 

Z> 0 Ltztf^X. }g B B a S^Sl 1 OKftrtt^ZixZ,®: 
45 ft*S-f7t»4, P B S 5 7- 1 4 tCitL-CPilTtt^ 0 

PB S 5 7 - 1 4 £iga-T£o jSalS^Sl 1 COR^Tt 

50 [0 0 2 3] yj XA 1 6 I4--K'; j< 9 WV-b 
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(PMMA) Sy-C&&o 7'J Xa 1 6 li, P B S 5 7- 
1 4 fr^LT^foftaiiUIS^ff 1 1 jJ^ORfcfefc* 

n^#<^BiE ptc^< ztnzm^--r &wt lx 

ffil 7, 18, 1 9$-*LTV^ 0 SI 7l±¥ffiT-ab 
0, P B S 5 5- 1 4 J^'bWftS-^-rigiiS-tir&.fc 9 ic 
K5c3ivrv»* 0 Ml 8 tTBT****, 91 7 Srigi® 

D, ffil 7taiiLfcjtttBSl 8-C^R»*fL4o 
[0 0 2 4] ffi 1 giiTtttUMLT^UlE^^T-^-t 
;P7<r v ?$mW<OibWX'&Z>o ffil 9 Uli^rSStttw 
RIMIM«JBJSSivCiiiK ffil 9tiffil 8«*»fe«)#K 
LTiE<SM«7-Sr#1-.&n3ffi5 7-t LTftffli--&o 
ffil 9I±, ffil 8-C^S»S*i/c3fc*R*fL-C, 
J: *) *>/hSv\*J*A-CHl 8UW«Xtt&**J:-5.K»: 
5£3*iTH4 0 Lfc4«oT, ffil 9t:AWLyi*l±, A 
tfrfcfcUtJI&iRttft-PRttSi'U Ml 8S-jtiaLT, 

[0 0 2 5] tigf#l±, ffil 9 ZfrLTm&mjfiftl 1 
tf) Steffi SrlST, Sij*S*t/wft«Oj£:fcS*i/.:dMfc«:|| 
^•f 4 yjXx, l 6«3o<Dll 7. 18 

.fc J: t>* 1 9li> Jffl^3t*> t> * *LfciB[fla*» 1 1 « 
E*f#«r«EPKi*§, **S*Lfclft«Od6«*«fJ# 
K«fJt1-*m*#***J*-fo -?H*>ffil8l±, AM 

■*-.**iR»=(Bi:r**aas*4fcttR»t-r*aiRK» 

[0 0 2 6] ±E«JSO*«jE*aE«l»i, 2ttix.t 

hmd awmmmxiw. t-tzzttfx-zh 
©*J?«»K»*i^t\ 77-f i'j'-t ufflv^c 

[0027] tis 2 <oni&im*>&M$tm»m 2 <o*** 

iSal^S 2 1 , 3fcig&5 2 2 , 3 >f>t U >X 2 3 , 
tsXtf-?') X2*2 6S:tSx.Tv^o *iJ?.S|5 2 2 l±, 
**»2 1 vr2 2at, 

9>7*2 2 a^Lti*Elft4 , J7U??2 2 b <fc 
•)fi£;6o n Vf>tV>X2 3 \*2-o<r>£M2 4 , 25 

tt B B B ^g2 1 izm< o 

[0 0 2 8] "/'JXA2 eiiPMMASfi^ ftOjtt 
4f UB8-5--f4 3 0WI2 7, 2 8, 2 9JtLt^5„ 
ffi 2 7 l±T-f*;U7 y ^MfcffiODaffi-C-i&lJ, P<I}fc 
Sr2&Sif-SfB:3fcSr£.8tt.&PB S 5 7- S*lTV> 
So ^iBffi2 2*»c»(0«ijlfeiB* t «S«W5ft*O^^» PB 



S 57- 2 7 UttLTPflftt&SfliMfrlii&SLT 
^Tfcft, PB S 5 7-2 7 WtLTSffiSftt &<Mf8:ft 
JtSfl-liRM^fiTn >r'>-»j-l^>X2 3 lciS*»ix*o * 
aB«2 2**f>03t»±36ftjtiEi:ftorv»4A«, HiST* 
05 4 PBS 5 7- 2 7KJ:oTWr3t;5£lCi£-^tt<bfU 3 

f§2 1 UAWti. 
[0 0 2 9] ft«SE*««2lc*iV»-Cfe, fflEA&3*«2 
114, fl^E^O* B(EL^*3m««:*-r Jfci: 44 
10 id izMWZtiZo ifoHSUPff 2 1 <oj£|=bfc(i, 3^7* 
>-tU>X2 3 S-ifiSLT, PBS57-2 7UHJKA 

WtSo *>, iftffcS-^i-ftiiP B S 5 7-2 7 K 
WLTPffiTtt^oTiJl}, PBS57-27^HL 

15 «±, PB S 5 7- 2 7 lZttLXSU±<7)$ , K 

[0 0 3 0] 128 47t ; ejl'7'( ? ^^ffi<7)IH]ffiT- 
<fc4„ffi2 8l±, P B S 5 7- 2 7 SrJtifi LfcifcaiS^ 
g?2 lCDfclim^Wntmz-XAjliirZXilziScfcZ 
20 ft-CfcO, PB S 5 7- 2 7 S-itilL/w-*l±ffi2 8 -C^- 

[0 0 3 1] 12 9 147^*^7^ v m$m<D{imx 

i2 9c a-kmrnommmm $ tixn »> , 

M2 9t±ffi2 8«flj&»£O3fcKttLTIE<0>'<7-Sr#-J-.& 
25 Elffi5 7- t Lrftffl-T4o ffi2 9 li, ffi2 8 t?^:RM 
S*ifc*«rKWl,-Ctt!M*.l: fc/h£v>Altt£i-C-ffi2 8 
UHSX»S**J:9Ul«e**fCV»4 0 ffi2 9tcAW 
Lfc*li, AS^tl4*44RS^T-S:W?ft, 128 
S-JtSLT, i|X^L43!i ? <bll^#<7)BiEPHAW-r4o 
30 [0 0 3 2] Mi^Sl2T-li, 7"'; XA 2 6 -U8£tt 
•bft/cffi (PBS 5 7-) 2 7*f, JBl91X;£ifc B %$^& 

2 1 <oK%m*frmirz*&i&yL<Dmm : f-tti:z> a t 

/c, 7"'JXA2 6W300I2 7, 2 8 .fc J: t>* 2 9 rt*, 

35 *r«»*K«tt-r ffi2 

^ia4C:tn'44o 
[0 0 3 3] 8fc«!^afi2 n>mu>X2 
3*itx.T, %ieffi2 2*fiEPfc**!S:4:fi: B lUE« 
40 LTV>4 0 i<73^*, §g 1 <0Hife^O!fc«*^56B 1 

SC2.2 i: Lt *> *t>c*?gT4)47 V7°2 2at'J7U? 
?22b Srt9x.fi If J: < 4c.-Cv>4 0 
[0 0 3 4] lfc«**«B2 0***0*#WftR3fetf 
45 S-S 1 , S2 ICTjrfc 
[0 0 3 5] 
[Si] 
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KEP) 
2(28) 



AIR co 
PNMA 11056.404 



3(29) PNMA -66.184 



4(28) PNMA 11056. 404 



6(27) 


A IE 


99 


987 


6(25) 


PNMA 


40 


000 


7(24) 


AIR 


-40 


000 


8(21) 


AIR 


CO 


9(24) 


PNNA 


-40 


000 


10(25) 


AIR 


40 


000 


11(27) 


AIR 


99 


987 



7tt 
KY= 
AR=- 
BR= 
CR=- 
DR= 

T + * 
KY= 
AR= 
BR°- 
CB= 
DR=- 

T * 
KY= 
AR=- 
BR= 
CR=- 
DR= 

T + * 
KY = 
AB=- 
BB= 
CR = 
DB= 



* y h •> * ttmffi 

0.00000 KX= 0.00000 
0.48686X 10*J AP = -0. 
0. 12906X 10"* BP=-0. 
0. 18820X 1Q~ 9 CP=-0. 
0. 00000 DP= 0. 

23.380 KX= 22. 127 



0. 17262X 10 
0.26S53X 10 



-4 
B 



AP=-0, 
BP=-0, 

0.49031X 10~* CP= 0. 
0.27125X 10~ 10 DP= 0. 

0.00000 KX» 0.00000 
0.48685X 10" 5 AP=-0. 
0. 12906X 10~j| BP=-0, 
0. I8820X 10 9 CP=-0. 
0.00000 0P= 0. 

& 7 A ^ &f$ffi 
0.00000 EX= 0.00000 
0. 17224X 10~ B AP=-0. 



RDX=-341.841 
42123 
53675 
47382 
00000 

RDX=-56. 191 
82697 X 10" 



93029X 10 
27642X 10 
13650X 10" 



-2 
-2 



0.32767X 10 
0. 10800X 10" 
0.00000 . 



-6 



BP= 0 
CP=-0 
DP= 0 



RDX=-341.841 
42123 
53675 
47382 
00000 

RDX = 100.000 
51982X 10* 1 
25372X 10~ l 
10101 X 10* 1 
00000 



t + * &y * -y ^ ^ sfc cfi 

KY= 0.00000 KX= 0.00000 
AR=-0. 17224X I0" 6 
BR= 0.32767X 10"® 
CR= 0. I080OX 10' 8 
0R= O.OQOOO 



_ RDX= 100.000 
AP = -0.61982X 10 4 1 
BP= 0.25372X I0" 1 
CP = -0. 1010IX 10* 1 
DP= 0.00000 



12(23) AIR 



[0 0 3 6] [S2] 



[S(*f^> 


XSC 


YSC 


ZSC 


A5C 


BSC 


CSC 


KEP) 


0.000 


0. 


000 


0. 


000 


0. 


00 


0.00 


0. 


00 


2(28) 


0.000 


3. 


340 


10. 


000 


14. 


49 


0.00 


0. 


00 


3(29) 


0.000 


0. 


717 


16. 


781 


-15. 


37 


0.00 


0. 


00 


4(28) 


0.000 


3. 


340 


10. 


000 


14. 


49 


0.00 


0. 


00 


5(27) 


0.000 


13. 


180 


12. 


784 


84. 


78 


0.00 


0. 


00 


6(25) 


0.000 


17. 


89L 


16. 


166 


44. 


29 


0.00 


0. 


00 


7(24) 


0.000 


19. 


636 


17. 


855 


44. 


29 


0.00 


0. 


00 


8(21) 


0.000 


20. 


635 


18. 


309 


51 . 


78 


0.00 


0. 


00 


9(24) 


0.000 


19. 


S36 


17. 


955 


44. 


29 


0.00 


0. 


00 


10(25) 


0.000 


17. 


891 


16. 


166 


44. 


29 


0.00 


0. 


00 


11(27) 


0.000 


13. 


180 


12. 


784 


84. 


78 


tf.oo 


b. 


00 ' 


12(23) 


0.000 


21. 


147 


13. 


S12 


118. 


78 


0.00 


0. 


00 



[0 0 3 7] 7t«7^^«»: 40 ftcO-fr^Z *mfe1rZ> t «*4 (JJMsfcmm) o R D X 

Z= (CUX • X 2 +CUY • Y 2 ) 



/ [1 + 


11- 


(1 +KX) • CUX 2 • X 2 










(1 + KY) • CU Y 2 • Y 2 | 


1/2] 




+ AR • 


1 (1 


-AP) * X 2 + ( 1 + AP) 


. y 2 | 


2 


+ BR • 


f (1 


-BP) * X 2 + ( 1 +B P) 


. y2| 


3 


+ CR. • 


i (1 


-CP) * X 2 + (1 +CP) 


. y 2 | 


4 


+ DR • 


t (1 


-DP) - X 2 + (1 +DP) 


. y 2 | 


5 
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[0 0 3 9] S<2 (i^MO«!*tW«:fi!:|ffiM«*^L/c<> 
<0-C$>2>o IffiE P^'fcSrffi.&i: U II® 

UWLTfiit&jHSrZtti: LTv^-6 0 XS * 
C, YSC. ZSCIi, &Efc*O*ttfco3fc.£<0X* 
Y, Z®S (ififimm) **U ASC, BSC, CS 
Cli. Xtt, Y«u Z^Uov^Tcofiiffi^tbco#Mco(lI 

[0040] ^3 oiaa®j8^i!t«*^»tt 3 

iS H ^^S3 1 , 7til§B3 2. 3>f*>ti/>X3 3, 
^'JXA3 6i3J:a f y , ;XA4 1 tfilitv^o *?ebb 
3 2ii. ifc&**»3 1 Utt|&-r-6ffiW*S:f6-J'i7-> 
7*3 2a<h. 7 >7°3 2 a **5§ L # * Rttt: * 'J V U 
??3 2bt, *KffiSr»«l1-*jR9 3 2 c J: 0 A 5 , 
/VXA 3 6 KffigLTE«S;rXTV*&o 
>X3 3 ii2o^M3 4 , 3 5 &^LX& *) ^ ibWafL 

3 2 ^feORHWjfctB&Tfi 1 **: Ltffi B B B «/7S3 1 iz^ 

<o 

[0 0 4 1 ] ^JXA3 6liPMMA^2o(0^'jX 
A3 6 a. 3 6 b * L "OS £ „ ^'JXA3 6 a, 3 

6 bOg^I3 7«ifflffi"C*0. P S 
fflJl&SrEWt* P B S 5 7 - 4: Stttv^o ^'JXA3 

8, 3 9. 4 0 *tLtv^ o ffi38l±flt?**), I 

4 0(i£b®T**£ o ®3 9li7t^e^7>f *^#3*ffiO 

* J oT, S3 9li®3 8ffilJ^^O^HWLTIEO/N 0 7- 

[0 0 4 2] ^'JXA4 It PMMAfiti^o ^'JX 
A 4 1 ii^P®4 2 ££b®4 3 *r*TU ®4 2 Sr^'jXA 
3 6 bOM3 8 CO™ ffiU#l£gSH*TESS*LT^-&o ® 

3 8 4:14 2 (±WC**o ® 3 8 tM 4 2 OMKtift 

4 2t:J:^TTIR (total internal reflection) ® 

[0 0 4 3] 3feiESB3 2^c?c0BaW3fcl±PB.S ^ 7-3 

7 1CAMU PB S 5 7-3 7 Uit LT P«*i: ft^fli 
*JK5Hfc&fiLT&Tfc*U PBS^7-37U»LT 
Sfijfefcft&ffijtJS&liRltSixT, M40^^LT^ 
>f>tl/>X3 3 Uag^tt^o jt«ffi3 2 tf*<b03fef± 



^ftftSC^fcoT^a* 1 . BWC&&PB S 5 7-3 7 
£ <fcGK£i®-C<fc&® 4 0 J: ^ T^fr*5fcUifi-^t 
ft, U>X3 3 tw^oT^ffjlfc^t Six 

Tifti&S^83 1 tCAW-t^o 
05 [0 0 4 4] *flfcft^*E«3«IiJV»T:t, fftal^S^ 

>*U>X3 3i3J:U r I4 0S:ili8LT, PBS57- 
3 7i:BKAWt4o -O?*,, ««*£*-#liP B S 
10 *7-3 7K*tLTPffi*£&o"Ci3^ PBS<7- 

3 7 £igSLT®3 8 Klpjtf^o SEWf*fcffl3tffi* r ia*E 

[0045] H38(±PBS^7-37 *i8SLrt:ij£S 
15 S^H3 l^Ritjfe**ffi#ft«:ex.TAi 1 ti-i> J: -9 ftCK 
JeSftTis'K P B S 5 7 - 3 7 £JSi§ Lfcjfcliffi 3 8 
T-£jRS*Six-&o mFiS^idU, B3 8 O— ^SKlim 
XA 4 1 ^Ltv^^ 138 £ffi4 2 OBCIi^ 
^ri f 4H£1- PBS^7-37^«b<7)*liS38 
20 <Dt*(DmZ.liZ&^X i>£KM£i'LZ>o 

[0046] ®3 9 ii. ®3 SX^KM^titzitiKM 
LTttJMl J: *9 t/hS^AWft"Cffi3 8 KWKAItS* 
&J:^lcKseSffCv^ 0 S3 9 KAI*Lfc#l±, AM 
ntim%Z>KMfiXKMZii^ JDUKLftrt*e>ffi3 8* 
25 it«U S<bKffi4 2 £iIJ§-f£o £Ojfc(i\ flU-vX 

tl*#<0B[EP(cA«t-r&o 
[0 0 4 7] HfeM^t3tli, 7^;XA 3 6 fcifclt 

■ c>ixfcB (pbs 5 7-) 37^, ?myttm£k&m%* 

30 3 lOSWTfc^^Sli- -5*8flttORW*f t%Z> 0 i 
fc. X»;XA3 6<02ocoffi3 8. 3 9 .fc <fc lf~f } ) X A 

4 10®4 3^\ »«t«^K»**:U[EPJC*S, 

5 ixfclft«odt« £ IB$# fcftft +■ * £ fit A 
-f&o 3feififfi3 2«±IBEPi:H&*a4fl!:«^* 

35 &o 

[0 0 4 8] *«*^»«3 036^*0*#»ftK5e« 

[0 0 4 9] 
[S3] 

40 
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iEKI**?) 








l(EP) 


A I B 


CO 




2(43) 


PNHA 


17.532 


K= 0.00000 

A= 0.74818X 10" 4 B = -0. 104S5X 10" 5 
C= 0.36265XIO" 7 D=-0 . 56350 X 10" 9 
E= 0.29564XIO" 11 F= 0.00000 
G= 0.00000 H= 0.00000 


3(39) 


PNNA 


-141.623 
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